Background. Surveillance systems based on the reporting of AIDS cases do not provide a completely up to date picture of the trend of the HIV epidemic, stressing the need for systems based on the diagnosis of HIV infection. However, implementation of these systems has been hindered by low feasibility, poor access to HIV testing, and problems related to confidentiality. The advantages and disadvantages of the two systems and of combined use were explored by comparing and integrating information from AIDS and HIV testing registries in a region of Northern Italy. Methods. Linkage of AIDS and HIV testing registries allowed the annual number of incident and prevalent infections to be calculated. For linked cases, concordance of exposure category was determined. Results. Up to the end of 1995, 2186 AIDS cases and 5306 HIV-positive individuals were diagnosed. Linkage identified 1212 individuals reported to both registries. From 1990 to 1995, annual AIDS incidence steadily increased, while incidence of new HIV diagnoses decreased. The AIDS-to-AIDS-free ratio among those infected decreased from 1:5.6 in 1989 to 1:4.2 in 1995. The proportion of women and noninjecting drug users was higher among AIDS-free cases than among AIDS cases. The concordance of the exposure category was high (K = 0.70; 95% CI : 0.67-0.74), but it varied by exposure category; the highest concordance was for injecting drug users. Conclusions. Integrated use of the information provided by these surveillance systems allowed us to better understand and foresee the AIDS epidemic dynamics. The data also suggested that the reliability of information on exposure category may vary among categories.
The time that elapses between seroconversion for the Human Immunodeficiency Virus (HIV) to the development of Acquired Immunodeficiency Syndrome (AIDS), the final stage of HIV disease, is extremely long and variable, with a median duration of approximately 10-12 years. 1 For this reason, surveillance systems based on the reporting of AIDS cases do not provide a completely up to date picture of the trend of the HIV epidemic. Nevertheless, such systems are used worldwide, since they guarantee the reliability of the information collected, through the use of standardized case definitions. They also permit comparisons of the data collected in different geographical areas. Furthermore, individuals with signs or symptoms suggestive of AIDS are likely to attend health facilities where diagnosis of the disease can be performed; this allows AIDS incident cases to be easily identified and reported to public health authorities.
Since 1985, when a commercial kit for the serological diagnosis of HIV was made available, the demand for more accurate estimates of the dimensions of the HIV epidemic and for more up to date information on its impact in different geographical areas and among people with different types of risk behaviour has stressed the need for surveillance systems based on the diagnosis of HIV infection. Despite this need, to date only a few countries have developed such systems, either at the national [2] [3] [4] [5] or the regional level, 6 because their implementation has been limited by low feasibility, poor access to HIV testing, and problems related to confidentiality. Since 1985, access to HIV testing has been widely available and free of charge in public health centres in Italy.
We report the results of an analysis performed by linking and comparing HIV test results with data from the Italian National AIDS Registry collected since April 1988 in the region of Veneto in North-Eastern Italy.
METHODS

AIDS Surveillance System
The AIDS surveillance system in Italy, described in detail elsewhere, 7 is similar to those in other European countries. 8 In brief, AIDS reporting in Italy began in 1982 on a voluntary basis, becoming mandatory in November 1986. The National AIDS Centre of the 'Istituto Superiore di Sanità' (the Italian National Institute of Health) co-ordinates the activities of this surveillance system. The AIDS definition of the US Centers for Disease Control (CDC) [9] [10] [11] was used until January 1993, when a European version of the 1993 CDC definition was adopted (i.e. clinical but not immunological extension). 12 When an individual is diagnosed with AIDS, a specific form must be completed by a physician and copies sent to the National AIDS Centre and to the regional health authorities. The form (one for paediatric and one for adult cases) contains the individual's full name, date of birth, sex, nationality, type of employment, city of residence and of reporting, date of disease indicative of AIDS, date of diagnosis and of reporting, risk behaviour, and, after death, the date, cause, and place of death, though reporting information on death is not mandatory. The most probable mode of infection is assigned following a hierarchical criterion. 7 Quarterly reports are published routinely. 13 
Surveillance of HIV Test Results in the Veneto Region
In April 1988, the regional health authorities of Veneto (Italy is divided into 20 geographical regions), an area of approximately 18 400 km 2 with more than 4 400 000 inhabitants started an experimental surveillance system, collecting information on HIV test results. More precisely, for each individual requesting a serological test for HIV at one of the 121 local public health units, pretest counselling is provided by a physician, during which possible risk behaviours for acquiring HIV infection are identified (i.e. injection of drugs, 'unsafe' sexual practices, transfusion of blood or blood products, etc.), and the need for testing is evaluated. Following counselling, a specific form is completed which contains a personal confidential identification code, based on the first and third letters of the individual's surname and first name, date of birth, and sex. The risk behaviour determined during pre-test counselling is then codified.
Testing for HIV is performed using a high-sensitivity enzyme-linked immunosorbant assay (ELISA), and reactive sera are confirmed using Western Blot techniques.
The local health units insert the data from the notification forms in a specific data-base and send the data every 3 months to the regional department of public health, which is located in Venice, the capital city of the Veneto region. Since the code is the fundamental key for extrapolating individual information, the data are routinely checked, linking them by sub-strings of the complete code. Records having the same sub-string, but with different complete codes, coming from the same local health unit, are sent back to the head of the unit to check for input errors.
Statistical Analysis
This analysis refers to all adult cases reported from the surveillance systems up to 30 June 1996, with an HIV or AIDS diagnosis up to 31 December 1995. Use of personal identification codes precluded double counting. An individual code identical to that used for people undergoing HIV testing was created for those reported from the National AIDS Registry (which records full name, date of birth, and sex) and used as a key for linking the two systems. Descriptive epidemiological measures, such as incident and prevalent cases by year (note that for HIV we refer to a prevalence of reported diagnoses), were calculated for both surveillance systems. Specifically, prevalent cases of reported HIV infections who were AIDS-free in the generic year 'x' were calculated as the sum of all reported HIV individuals diagnosed before or during the year 'x' and still AIDS-free (i.e. not linked, or linked but with the year of AIDS diagnosis Ͼ'x'). The above prevalence does not take into account pre-AIDS mortality. In a similar way the AIDS prevalent cases in year 'x' were calculated as the sum of all AIDS cases diagnosed up to year 'x' and still alive in the year 'x'. These measures were also calculated stratifying by sex, exposure category, and age (grouped in intervals). Finally, only for linked cases was concordance of the attributed exposure category in the two systems calculated, using K-statistic. 14 
RESULTS
Up to 31 December 1995, 2186 AIDS cases were diagnosed in health facilities located in the Veneto region, or in other regions but for individuals living in Veneto. A total of 80 383 individuals who underwent at least one HIV test, for a total of 119 630 tests, were reported to the HIV surveillance system; 5306 were diagnosed with HIV infection, of whom 1212 were linked with AIDS cases. Taking the sum of unlinked individuals of the two systems, we found a minimum cumulative incidence of 6280 (i.e. 5306 + 2186 -1212) individuals diagnosed with HIV. Table 1 provides a detailed description of incident and prevalent cases of diagnosed HIV infections and AIDS by year. While the incidence of AIDS cases shows an increasing trend up to 1995, the incidence of new diagnoses of HIV infection began to decrease in 1989. This observation is supported by the quite stable increase in serological tests performed and individuals screened each year. With regard to prevalence data, both the estimated number of people with AIDS (PWA) and HIV-positive AIDS-free individuals increased, even if the ratio between these two diagnostic categories decreased from 1:5.6 in 1989 to 1:4.2 in 1995.
When calculating incident and prevalent cases stratified by sex, the proportion of women was consistently higher among HIV-reported individuals compared to PWA (i.e. 27% among the reported HIV infections and 20% among PWA, respectively); furthermore, the trend over time shows an increase in the proportion of new cases who are women (data not shown). Figure 1 shows the absolute number and the proportion of AIDS cases and of newly diagnosed HIV infections by transmission category: the trend of newly diagnosed HIV infections among injecting drug users differs from the other four categories. Specifically, new HIV diagnoses reported among injecting drug users has been decreasing since 1989, while it peaked in 1991 for heterosexuals and blood recipients, and in 1992 for homosexual men and the category 'other/unknown'. Furthermore, it is of note that while the percentage of incident AIDS cases who were classified as injecting drug users has been slowly declining since 1990, the percentage of newly diagnosed individuals who were classified as injecting drug users sharply declined from approximately 84% in 1988 to about 39% in 1995.
The distribution of incident and prevalent AIDS cases and newly diagnosed HIV-positive individuals by year and age group is shown in Table 2 . As expected, the proportion of individuals in the older age groups is always higher at AIDS diagnosis than at diagnosis of HIV infection. An 'ageing' effect was revealed by both systems. In fact, the mean age of individuals at HIV diagnosis increased continuously by year in all the risk groups except for homosexual men, for whom there was a decrease in 1993 followed by an increase in 1994 (data not shown). Finally, the number and proportion of teenagers among the incident cases of newly diagnosed individuals with HIV infection remained consistently low.
To evaluate possible differences in access to HIV testing, we compared some characteristics of linked and unlinked individuals recorded in the two surveillance systems. Of the 2186 AIDS cases reported, 974 (44.6%) did not have a previous HIV test. For 219 (22.5%) of these, the date of AIDS diagnosis was prior to 1 January 1989 and thus was probably not reported to the HIV testing surveillance system, since the HIV test would have been performed before April 1988 (i.e. the starting date of the collection of the HIV testing results). Comparing linked and unlinked cases diagnosed with AIDS after 1 January 1989, we found that the 210 individuals who reported living outside of the region (10.7% of the total AIDS cases) were more likely not to have a previous HIV test reported to the system (i.e. 65.7% and 38.2% of nonresidents and residents, respectively). In Table 3 we show the distribution of linked (stratified by lag-time between the HIV and AIDS diagnosis [i.e. р1 and Ͼ1 year]) and unlinked AIDS cases diagnosed after 1 January 1989 by HIV transmission category; the injecting drug users diagnosed with AIDS were more likely to be linked with the HIV surveillance system than individuals classified in the other groups. Furthermore, they were also more likely to have a lag-time exceeding one year between the first HIV-positive test and AIDS diagnosis, compared to the individuals of the other groups, and in particular to those who became infected through sexual contact. Finally, as shown in Table 4 , the level of concordance of the HIV transmission category between the two surveillance systems was found to be high, with an estimated K-statistic of 0.70 (95% CI : 0.67-0.74). However, the level of concordance varied by transmission group and was higher among injecting drug users than among other groups. In particular, the nonconcordance was high for the 'other/unknown' category and for the sexual modes of transmission. DISCUSSION Alhough AIDS registries do not provide an up to date picture of the HIV epidemic curve, they are useful for the following reasons: they have allowed the trend of the epidemic to be monitored since the early 1980s; they are similar in different countries, permitting geographical comparisons; and they can be used to estimate the past HIV epidemic curve when an estimate of the incubation time is available (i.e. back-projection estimates). 5 The HIV registries, which provide the cumulative number of known HIV-positive individuals (thus, those who currently make use of the health system) are limited because of the uncertainty regarding the time that elapses between the date of infection and that of diagnosis. The HIV surveillance system described here presents some particular characteristics which not all analogous systems possess. For example, the individual COMBINING HIV AND AIDS SURVEILLANCE SYSTEMS
FIGURE 1 Incident AIDS cases (section [A]) and reported cases of new diagnoses of HIV infection (section [C]) by exposure category to HIV and year of diagnosis (Veneto Region, Italy). Sections (B) and (D) show the percentage distribution of the reported exposure categories to HIV by year of diagnosis for the AIDS and the HIV surveillance systems, respectively. AIDS surveillance refers to the period 1984-1995, while HIV surveillance refers to cases reported from April 1988 to the end of 1995
code reported at each test permitted us to reliably reconstruct the curve of incidence of newly diagnosed individuals with HIV. This code also provides an opportunity to link these data with those of the National AIDS Registry, furnishing a simple means of following individuals from the diagnosis of HIV infection to the diagnosis of AIDS, and to death. Furthermore, the reporting of HIV-negative tests provides an indirect measure of the extent to which serological testing is offered.
In the Veneto region approximately 3000 cumulative diagnoses of HIV infection up to 1990, and more than 5000 up to 1995, were reported to the HIV surveillance system. Comparison with 1995 data from the National AIDS Registry suggests that the ratio of prevalent AIDS cases to individuals diagnosed with HIV and still AIDSfree was approximately 1:5.83 in 1990 and 1:4.61 in 1994. Incident AIDS cases show an increasing trend, while incident newly diagnosed HIV-infected cases show an opposite trend. These data suggest that, since the number of tested individuals remained stable, new HIV infections have been declining since the late 1980s. This is consistent with the estimates obtained by applying a back-calculation model 16 to AIDS incident cases (data not shown). However, we cannot exclude the possibility that major shifts in the HIV risk profile of tested individuals over time could provide an alternative explanation for the decreasing HIV incidence. The temporal trend by sex, exposure category, and age group of the HIV-infected individuals, suggests that the distribution 16 (15) 17 (15) 27 (15) 35 (16) 50 (20) 51 (18) 78 (23) 92 (25) 69 (21) Prevalent AIDS cases 10 (12) 23 (14) 46 (15) 65 (15) 91 (16) 110 (16) 140 (18) 179 (20) 190 (20 pattern of AIDS cases will change in the near future, involving a larger proportion of women and individuals infected through sexual transmission. The data also show a clear ageing effect which tends to attenuate the alarm concerning a rapid diffusion of the HIV epidemic among teenagers. Thus, these data provide useful information for planning future prevention activities and health structures, taking into account the increasing impact of the epidemic among women. The HIV surveillance data seem to suggest that HIV transmission among injecting drug users is decreasing in Veneto. In fact, the number of new diagnoses of HIV infection among injecting drug users in 1994 was basically the same as that for individuals who acquired HIV through sexual contact or for whom the exposure category was classified as 'other/unknown'. This finding suggests that injecting drug users may have modified their risk behaviour more than individuals belonging to other exposure groups; in fact, as previously reported, it is more difficult to change sexual behaviour than drugrelated practices. 17 Another possible explanation for the decline in new infections among injecting drug users is that the pool of uninfected individuals in this group has been substantially depleted.
The linkage with the National AIDS Registry allowed us to evaluate some limitations of the HIV surveillance system. Firstly, there is an important proportion of PWA who were not reported to the HIV surveillance system. There are several possible hypotheses to explain why some individuals diagnosed with AIDS had no previous HIV test: For instance, the individual codes used in the HIV surveillance system could have in some cases been incorrectly reported impeding linkage with the AIDS Registry; however, as described earlier, equal sub-strings are routinely checked. Furthermore, the individual may have undergone HIV testing before April 1988 (i.e. prior to the date when data collection was started), outside the Veneto region, or in a private laboratory. However, the latter hypothesis may be considered unlikely since access to HIV testing programmes in the public setting is widely available, free of charge, and maintains confidentiality, furthermore use of private laboratories are an unusual phenomenon.
It is also possible that the HIV test was simply not reported by some institutions included in the system, which would be the case for those who specialize in the care of people with advanced HIV disease. They sometimes perform serological tests and do not send the results to the local health unit. Second, the linkage seems to suggest that the current HIV surveillance system is more efficient in identifying HIV-positive individuals who live in the region and/or are injecting drug users than nonresidents and individuals belonging to other exposure groups. In accordance with this finding is that injecting drug users and blood transfusion or blood derivative recipients are more likely than sexual contacts and individuals with 'other/unknown' exposure to have a lag between HIV and AIDS diagnosis longer than one year. However, we cannot exclude that the different lag-times between HIV and AIDS diagnosis could also indicate a different maturity of the epidemic curve in each exposure group.
Finally, we observed a high level of concordance between the two surveillance systems with respect to HIV transmission category. Using the AIDS Registry as reference, the concordance was higher for the injecting drug user, and blood recipients, intermediate for those infected through sexual contact, and lower for the 'other/ unknown' group. Although it is difficult to provide an absolute value for the concordance estimated, it is interesting to note that we found a similar concordance to that observed when comparing the Italian National AIDS Registry with a registry on HIV-related tumours. 18 This suggests that in Italy it is quite easy to establish the existence of HIV exposure through injecting drug use, while it is more difficult to disentangle specific sexual and 'other/unknown' exposures. This problem, as shown in Table 4 , is clearly more evident in the HIV surveillance system, where risk ascertainment demands a more cautious approach.
In conclusion, where linkage is possible, an integrated analysis of AIDS and HIV surveillance data may help in better understanding the dynamics of the epidemic at the regional and national level and in assessing public health needs. However, caution is necessary for the interpretation of these data because the temporal trend of new HIV-positive individuals may or may not reflect a decline in the rate of new HIV infections, depending on the test-seeking behaviours in the population. 19 To this end, several authors have proposed expanded versions of back-calculation combining HIV and AIDS information with the distribution of the incubation time. [20] [21] [22] Further analyses are needed to evaluate the costs and effectiveness of HIV surveillance systems and their application on a larger scale.
